The morphogenesis of the visual cells in the retina of DBA normal mice and in C3H mice having a genetic distrophy has been studied with the electron microscope.
The existence of an abnormal development of the retina leading to degeneration and disappearance of the photoreceptor cells has been known since the work of Keeler (7) (8) (9) , who interpreted the existence of "rodless" retinas in mice as the result of an arrest in development. This visual abnormality was later observed by Tansley (15), Sorsby el al. (14) , and Karli (6) in albino mice and recognized to be an inherited defect.
The study of this degenerative process can be carried out better on pure strains of C3H mice (5) in which it is inherited as a Mendelian recessive character.
Noell (11, 12) recently described the histo-* Work supported by Grant B 1549 of the United States Public Health Service. logical and electrophysiological changes that take place. He has postulated that they occur in early stages of development of the visual cells and are closely related to metabolic changes associated with differentiation.
Histologically, it has been observed that the postnatal development of the retina is apparently normal until the 10th day after birth. However, some differences from the controls are manifested by a deeper staining of the nuclei of the visual cells, a slight reduction in the width of the outer nuclear layer, and less definition of the photoreceptors. In later stages numerous visual cells die, and they almost disappear by the 20th day. The electroretinogram although showing some difference in the amplitude of the a wave and a much higher threshold, develops as in the normal animal until the 15th day, declining later when cell death becomes very marked in the total population.
These results are interpreted by Noell as indicating that this genetic degeneration is not due to an arrest of differentiation of the visual cells but to a secondary alteration of elements which already have a certain degree of development.
A previous electron microscope study on morphogenesis of visual cells made in normal mice (3) seemed to be a starting point for the analysis of this interesting genetic anomaly at a submicroscopic level. It was hoped that the increased resolving power of the electron microscope could give a better understanding of this pathological process. Furthermore, this material was considered to be an excellent object for the study of a genetic distrophy at cellular and subcellular level.
This study has demonstrated that the morphogenesis of the visual cells reaches a certain point but that from very early it shows signs of abnormality and disordered growth which finally lead to cell death.
Techniques
C3H mice ranging in age from 6 to 16 days were used. Pieces of the central area of the retina were fixed as indicated by De Robertis (2) , except that the crystallin and vitreous were removed only sometime after iramersion in the fixative. The fixatives used were the osmium tetroxide-potassium dichromate mixture of Dalton (1) and osmium tetroxide dissolved in Periston (Bayer), a plasma substitute containing balanced ions and polyvinylpyrrolidone. As controls, retinas of DBA mice were used. After embedding in butyl methacrylate and sectioning the observations were made with an RCA EMU-2D microscope provided with a compensated objective lens and a Canalco stigmator. OBSERVATIONS 
Morphogenesis of Visual Cells" in Control
DBA Mice:
The general observations confirm the results previously obtained by De Robertis (3) in which three main stages were recognized in the morphogenesis of the photoreceptors (Text- fig. 1 ). All these stages can be found after the 9th day of postnatal life because the development of the visual cells is not synchronous in all of them. However, after 12 to 15 days all photoreceptors reach the final stage of morphogenesis. In the first stage an external bulge of cytoplasm is observed that forms the primordium of the inner segment. From this a primitive cilium projects having the characteristic 9 pairs of filaments ( Fig. 1) . The apical end of this cilium is filled with a vesicular and tubular component which was first named "morphogenetic material" because it was thought to be related to the formation of the rod sacs of the outer segment. The new observations reported here show that at the base of the cilium there are two typical centrioles disposed at right angles to one another. The ciliary filaments start from the proximal centriole (Text- fig. 1 and Fig. 1 ). The primordium of the inner segment shows the typical mitochondria, a few profiles of cisternae of the endoplasmic reticulum studded with RNP granules, and a moderate number of free RNP granules assembled in groups within the cytoplasmic matrix. In the more proximal portion of this segment a Golgi complex with flattened parallel cisternae, large vacuoles, and a group of small vesicles can also be observed.
The second stage consists of the great enlargement of the apical region of the primitive cilium due to the rapid building up of vesicles and cisternae that constitute the primitive rod sacs ( Fig. 2 and Text-fig. 1 ). At the same time the basal region of the cilium remains unaltered constituting the connecting cilium of the adult rod.
In the earlier observations (3) it was thought that the synthesis of membranes within the cilium was directly connected with the filaments of the cilium and with the morphogenetic material described above. However, these new observations on DBA animals tend to indicate that the outer membrane of the cilium probably under certain "special" influence of the cilium may invaginate and form primitive rod sacs. In fact, the careful examination of developing outer segments show continuities between the outer membrane and the primitive sacs. It is interesting that this process is from the very beginning asymmetrical, so that the primitive cilium remains unchanged on one side while on the other the sacs develop in great profusion (Text- fig. 1 ).
The third stage consists in the remodeling and reorientation of the sacs into their permanent transverse disposition, a process that starts ii1 the middle portion of the outer segment and progresses toward both extremities (Text- fig. 1 ). While these morphogenetic changes take place in the outer segment, in the inner segment there is a progressive axial lengthening with decrease of 
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At the same time differentiation also occurs at the innermost end of the visual cells. From the very early stages the processes of the visual cells grow toward the bipolar cell to build up the primary synapse. The growing ending contains from the very beginning the vesicular material which is found in these synapses in the adult (4). The so called synaptic lamellae (10) are also observed from these very early stages (see Fig. 5 ).
Morphogenesis of the Visual Cells in C3H Mice:
Early changes appear in the developing visual cells of the C3H mice by as early as the l l t h day of postnatal life. These changes are at the beginning not very conspicuous and consist mainly of the formation of numerous small vesicles (200 to 400 A) scattered throughout the inner segment (Fig. 3) . This vesicular material probably originates from the Golgi complex. The majority of the outer segments are still in the very early stages of development described above for the DBA mice, and show little deviation from normal morphogenesis. However, the outer segment of the rod in Fig. 3 already exhibits some disorganization of the sacs. During the 12th to 13th day the complete picture of visual cell degeneration can be observed. The outer segments show a marked disorganization of their membranes (Fig. 4) . The stacking o[ rod sacs is no longer proceeding in the usual fashion, and the developing outer segments contain an array of membranous sacs of all sizes, shapes, and orientations.
The most typical changes are found at the inner segments which show a very high electron density. This appearance is due to the accumulation of granules similar to the dense particles found in normal inner segments (Fig. 4 ). Yet, in the degenerating rods of the C3H retina the granules occupy the whole inner segment in a uniform fashion instead of being scattered in small clusters as in normal visual cells. The mitochondria also undergo very extensive alterations which range from disappearance of the cristae and vacuolization to disruption and collapse of the outer membranes (Fig. 4 ). An interesting change noticeable at this time is the observation within the inner segment of double membranes arranged in parallel series, which bear a strong resemblance to the rod sacs of the outer segment. These membranes or flattened sacs could originate from fusion of the small vesicles which are still present although in a lesser proportion than in earlier stages. However, some of these membranes could also originate by invasion from the outer segment. In fact, the disordered and profuse membranous development of the outer segment apparently leads to a complete disappearance of the primitive cilium, since in most cases one can observe the direct continuation of the inner segment with the outer segment without a connecting cilium. This fact can be observed in Fig. 4 together with penetration of small sacs into the inner segment.
The region of the synapse is also involved in this process of degeneration, that finally leads to cell death. The synaptic endings of the visual cells become denser and the synaptic vesicles less conspicuous as if these structures were lysing (Fig. 6) .
It must be pointed out that the described alterations are first seen in only a small part (20 per cent) of the rod population. At a later time (14th day) the degenerative process is extended to all rods. Finally, the progressive severity of the lesions makes useless any attempt of description at the 16th day, when the rod layer shows complete disorganization and destruction in the central area of the retina. At the 13th day it is possible to see very altered rods together with rods which have developed a fairly large outer segment and show little if any abnormal structures. This indicates that cell death does not occur at the same time in all elements and that some rods are capable of reaching a relatively advanced stage of development before the starting of the degenerative period. This observation is in agreement with electrophysiological studies showing that the electroretinogram increases in amplitude until the age of 15 days and then declines as cell death progresses toward the peripheral retina (11, 12) . DISCUSSION New details of the normal submicroscopic morphogenesis of the visual cells were observed in the DBA control mice. The general process described earlier by De Robertis (3) was confirmed. However, it is now apparent that the outer membrane of the primitive cilium participates in the morphogenesis of the rod sacs probably under some kind of "inductive" influence starting from the apical portion of the cilium. This confirms the observations made by Tokuyasu and Yamada (16) on developing visual cells. The improved electron microscope observations have also permitted the detection of two typical centrioles at the base of the primitive cilium as is also described in (16) .
The observations reported here confirm and extend the concept that the hereditary visual alterations of the C3H mice are not the result of a primary arrested development, but of a secondary alteration of the differentiating photoreceptor. The early stages of morphogenesis of the visual ceils start in the usual way. The outer segment originates from a primitive cilium as in the control DBA mice and then the formation of the membranous material starts and is very profuse. However, it is soon apparent that the growth of the outer segment is disordered and does not reach the third stage of remodeling and reorientation of the sacs that finally build up the definite regularly layered structure. On the contrary, the exuberant and abnormal membranous growth "invades" the entire primitive cilium which may even disappear completely. The membranes are in this case in direct contact with the inner segment.
Furthermore, in more advanced stages, stacks of parallel membranes, similar in aspect to the rod sacs, may be found in a completely abnormal location within the inner segment.
The earliest and most conspicuous changes occur in the inner segment where the main cytoplasmic components of the visual cells are located. The exuberant formation of vesicular material and the increase in dense particles that resemble the RNP granules of the normal are found from the very beginning of differentiation. The ground cytoplasm becomes very dense and loaded with these dense granules. In later stages the mitochondrial alteration with vacuolization, disappearance of the crests, and final lysis becomes more and more apparent. On the other end of the visual cell the development of the synaptic junction which starts normally also undergoes profound alterations with lysis of the synaptic vesicles.
The whole picture exhibited by a degenerating rod of the C3H mouse retina can be summarized by stating that the entire process of differentiation is exuberant and disordered and leads to final involution and cell death. These results should be correlated with the higher rate of oxygen uptake and glucose oxidation found in developing C3H retinas as compared with DBA control (13) . It can be hypothesized that because of the genetic alteration these abnormal visual cells are lacking some factor that controls the differentiation and growth of the subcellular components of the visual cell.
Because of the role that RNP particles play in differentiation and protein synthesis, the finding of a greatly increased number of them within the inner segment seems to be particularly important.
However, it remains to be proven that these dense particles are exactly similar to the normal RNP ones.
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